Ca-type phillipsite (PHI) synthesized from natural zeolite was covered with the needle-like scaly nano-apatite
RESULTS AND DISCUSSION
The Si/Al molar ratio of the obtained PHI was 1.62, which was almost matched to the theoretical ratio of PHI. The cation exchange capacity was 3.13 mmol/g. The value was about twofold higher than those of natural clinoptilolite and mordenitei. The amount of Na ion was 13.0 wt%, which was nearly equal with the ideal amount of cations of PHI. It indicated that the PHI obtained was Na-type PHI.
SEM images and EDS spectra of the PHI before and after the hydrothermal treatment are shown in Figures 1. The PHI before the hydrothermal treatment was composed of aggregates or intergrown fine rosette crystallites with spherical shape of 2 gm in diameter (Figures la and b) . The morphology was corresponded to that of Na-type PHI before Ca ion exchange". The Si, Al, 0 and Ca peaks were detected by EDS spectra and the Si/Al molar ratio was about 1.64 (Figure 1 c) , which was almost matched to the theoretical ratio of PHI. The Na peak was not detected. It indicated that the ion exchange of Na ions for Ca ions in PHI was completely occurred. Therefore, these results confirmed that Ca-type PHI was successfully prepared in the present study.
The hydrothermal treatment did not destroy the spherical morphology of Ca-type PHI (Figure 1d ). The surface morphology of the Ca-type PHI after hydrothermal treatment was completely different in evenly covering scaly crystals (Figure le) . The scaly particles with needle-like crystals of 100 nm in diameter and 10-30 nm in thickness were aggregated on its surface. The surface morphology was almost similar to that of type-A zeolite in covering HA crystals19, and those of alite and wollastnite particles17,18 by the hydrothermal treatments. The Si, Al, O, Ca and P were detected by EDS, and the Si/Al molar ratio was not changed after the hydrothermal treatment (Figure 1 f) . The Ca/P molar ratio of the product was about 1.77. It indicated that the Ca ions in Ca-type PHI were almost involved in the formation of calcium phosphate crystals on the surface of PHI. These results indicate that PHI is not changed by the hydrothermal treatment, but the surface morphology of PHI is exchanged due to the formation of calcium phosphate crystals.
The XRD patterns of Ca-type PHI before and after the hydrothermal treatment are shown in Figure 2 . Ca-type PHI exhibited the complete exchange of Na ions for Ca ions in PHI, which was judged from the shifts of diffraction peaks and the change of intensity ratio of 21.6°in 29 (Figure 2a )21. After the hydrothermal treatment of Ca-type PHI, the broad diffractions at 26.0°, 31.4°, 32.3° and 34.3° in 29 were observed as indicated by solid circles in Figure  2b , which were corresponded closely to the diffractions of 002, 211, 112, 300, and 202 of HA. It should be noted that the crystal phase of octacalcium Figure 1. SEM images and EDS spectra of Ca-type PHI before and after the hydrothermal treatment. The SEM images before the treatment showed aggregates or intergrown fine rosette crystallites with spherical shape (a, b). Si, Al Ca and O elements were detected by EDS spectrum(c). The spherical morphology of PHI after the treatment was observed(d). The scaly particles on its surface were needle-like crystals of 100 nm in diameter and 10-30 nm in thickness (e). The Si, Al Ca, O and P elements were detected by EDS(f). The Ca/P molar ratio was about 1.77, which is matched to the theoretical Ca/P ratio of HA. phosphate (Ca8H2(PO4)6. 5H2O) was not detected by the XRD patterns. The shift of the diffractions of Ca-type PHI from 12.2 to 12.7 in 20 and the change of intensity ratio confirmed the ion exchange of Ca ions for NH4 ions. There was no significant difference in the width of diffraction peaks for PHI before and after the hydrothermal treatment ( Figure 2 ). From the results of EDS spectra and XRD patterns, we concluded that the PHI frame structure is stable in 1 M ammonium phosphate solution at 80°C for 8 hours.
FT-IR spectra of Ca-type PHI before and after hydrothermal treatment are shown in Figure 3 . The absorption bands at 600 and 435 cm-1 were attributed to double rings and a Si, A1-O bend in the PHI structure, and those at 1105/1000/995 and 772/738/670 cm-I were to the asymmetric and symmetric stretches of the framework aluminosilicate in the PHI, respectively (Figures 3a and b) 21 . A little amount of CO32-ions was detected at 1456 cm-1 due to the incorporation from the solution in the Ca exchange treatments. These results indicate that the framework structure of Ca-type PHI is not changed by the hydrothermal treatment. After the hydrothermal treatment, absorption bands due to v2, v3 and v4 vibrations of PO4 3-(474, 1092/1045 and 602/572 cm-1, respectively) and OH-(632 cm -1) were observed corresponding.to the characteristic absorption bands of HA 22. The increase of absorption bands due to CO32 ions (875 and 1456 cm -1) indicated that CO3 2-replaced PO4 sites (B sites) in HA were observed. An absorption band of NEI4+ at 1400 cm-I showed the existence of NH4+ in the exchangeable cation sites of the PHI structure. Thus, the hydrothermal treatment promoted the cation exchange of Ca ions for NH4 ions, which supports the results of XRD.
TG-DTA curves of Ca-type PHI before and after the hydrothermal treatment are shown in Figure  4a and b, respectively. Ca-type PHI, •ž : NH4-type PHI, •oe: HA. Figure 3 . FT-IR spectra of Ca-type PHI before (a) and after (b) the hydrothermal treatment. After the hydrothermal treatment, absorption bands due to v2, v3 and v4 vibrations of PO43-and Off were observed corresponding to the characteristic absorption bands of NH4 ion was detected due to its existence in the exchangeable cation sites of the PHI structure.
Moriyoshi et al. have discussed a formation mechanism of HA on alite 18. According to their report, Ca ions in the structure of alite released into an ammonium phosphate solution reacts very rapidly with PO4 3-to form further HA at the interface between the hydrated alite and HA crystals. Liu et al. have also reported a formation mechanism of HA on wollastonite in a simulated body fluid (SBF) 19 
